The unified-parameter method for bending performance analysis of composite thick tube as well as the quantitave method to determine the optimal assumed stress fields for hybrid stress finite elements by 刘沛
 
学校编码：10384                                       分类号  密级    










The unified-parameter method for bending performance 
analysis of composite thick tube as well as the quantitave 
method to determine the optimal assumed stress fields for 
hybrid stress finite elements 
刘 沛 
 
指导教师姓名：张灿辉  副教授    
专  业 名 称：工程力学 
论文提交日期：2014 年 4 月 
论文答辩时间：2014 年 5 月 
学位授予日期： 
答辩委员会主席：          
评阅人：                  



































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 




























摘  要 
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There are more and more applications of the composite thick tubes as primary 
components of structures in the aerospace. Their approximations of plate and shell by 
classical laminated theory (CLT) can hardly satisfy the accuracy requirement for the 
design in engineering. Due to the large number of laminated layers as well as their 
very small thickness for composite thick tubes, it is almost impossible to model the 
exact structure layer by layer along the thickness direction for the numerical 
simulations by finite element method (FEM). Therefore, the composite thick tubes 
have to be calculated by using the elastic theory. In this paper, it is found in an earlier 
approach that the solution for composite thick tube is difficult for the cylindrical 
orthotropic layers, i.e., the special layers of winding angles 0°or 90° since some of 
their parameters are singular. After investigations of the singularity for these specific 
parameters, the new unified coefficients as well as their nonsingular unified 
parameters are defined and a relating unified-parameters method is proposed which 
can be used to calculate the arbitrary composite tubes such as [90/45/0], including the 
special layers together with normal layers. The explicit expression of equivalent 
flexural stiffness can be provided which is particularly beneficial to the designers for 
the straightforward investigation of composite tubes in engineering. For examples, six 
simple composite thick tubes including [90], [90/0], [90/45], [90/45/0], [90/45/-45/0] 
and [90/0/90/45] are calculated. The results are in good agreement with NASTRAN. 
Besides, the real composite tubes [90/(-25) 45/2545] and [90/(-25/25)45] are calculated 
and the results are in substantial agreement with the experiments. These results 
indicate that the present method is available for the analysis for composite tubes. 
Moreover, the unified-parameter method is used for the failure analysis for the 
composite tubes of [90/45/-45/0] with every layer of different percent of thickness. 
Their equivalent flexural stiffnesses and ultimate moments as well as their failure 
positions with respect to the percent of the thickness of every layer are derived to 
make the map which is convenient for the application and design in engineering. 
The state-of-the-art technology of automated fiber placement (AFP) should be 















performance. However, the in-situ simulation for thermal stress considering the 
viscoelastic response is the key in AFP. The hybrid stress element method is an 
efficient tool with high performance for numerical analysis, especially for the nearly 
incompressible viscoelastic material. In order to improve the performance of hybrid 
elements, a quantitative method is developed to determine their optimal assumed 
stress fields. This is a systematic approach to automatically select the optimal 
assumed stress modes. Moreover, it is the first time to report the reason that the hybrid 
stress element can overcome the problem of over rigidity from its displacement 
counterpart. This reason is that the main components (i.e., good components) inside 
the displacement element are remained and selected for the hybrid stress element 
while the minor components (i.e., unnecessary components) such as parasitic shear 
stresses are deleted. The procedures include two steps. Firstly, the basic stress modes 
are broken into a set of sub-modes. Secondly, all sub-modes are compared with their 
basic mode. The sub-mode with largest similarity degree with the basic mode implies 
that it represents the most important features inside the basic mode so it should be 
selected as the optimal assumed stress mode for hybrid element. A new inner product 
with material weighting matrix is defined to derive this quantitative method and the 
corresponding norms have the specific physical significance as the flexibility of stress 
mode. So the exact comparison as well as the quantitative analysis between different 
stress modes can be obtained. It breaks through the limitation of the conventional 
energy product which can only tell whether or not the stress and strain are orthogonal 
to each other. The present method is used to construct the optimal assumed stress 
fields for the 2D 4-node and 3D 8-node hybrid elements for the isotropic materials. In 
addition, the method is extended to the hybrid stress elements for the anisotropic 
materials. The curves of similarity of all sub-modes with respect to the ply 
orientations are calculated, considering the composite materials with carbon fiber and 
glass fiber which are popular in engineering. The results show that, although the 
similarity with respect to the ply orientations is different from one sub-mode to 
another, the sub-modes corresponding to the largest similarity are independent of the 
ply orientations. So, the optimal stress modes for hybrid elements of composite 
materials are equivalent to the isotropic materials. Several popular numerical 
examples are calculated using the present hybrid elements of isotropic material as 















advantage of our method as well as the resulting hybrid stress elements. 
 
Key words: composite thick tube; pure bending; equivalent flexture stiffness; 0°or 
90°winding angle; unified-parameter method; hybrid stress element; basic stress 
modes; material-weighted inner product; quantitative selection method; optimal 
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